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             Abstract. Carried out Two experiments laboratory in the Department of Horticulture 
- College of Agriculture Diyala University in 2011 to study the effect of salinity on the growth 
Azospirillum brasilense bacteria, as it included the first experiment salinisation of soil salt 
levels different (1.8,4 ,6 ,8 and 10) ds.m-1 for periods to incubation different (4, 8, 12 and 16) 
days, the results showed increasing levels of salinity caused a reduction significantly the 
numbers of bacteria. affected the periods of incubation affected significantly in the numbers 
of cells of bacteria. Gave period incubation (16) days on highest values for the numbers of 
bacterial cells. Was a significant effect of interaction in the numbers of bacterial cells, as it 
reached  the highest numbers at the level of salinity (1.8) ds.m-1 and at period incubation (16)  
days and gave the level (10) ds.m-1 at period incubation (8) days lower the values 
     Second experiment studied the effect of five salts ( NaCl , Na2So4 , MgCl2.6H2o , 
MgSo4.7H2o  and CaCl2.2H2o ), with six concentrations (0, 0.04, 0.08, 0.12, 0.16 and 0.20) 
Mole.L-1 on the numbers bacterial cells Azospirillum brasilense, the results showed that 
increasing the level of salt reduced the numbers of bacteria cells a significant decrease 
irrespective of the type of salt. Mgcl2 salt gave the highest numbers irrespective of the level of 
salt and not significant differences for salt (MgSo4 , CaCl2 ), while the salt gave ( NaCl2 ) 
lower the values followed by salt (Na2 So4 ). That increasing levels of salinity affected 
significantly reduce the numbers of bacteria and all types of salts studied, as the salt (NaCl2 ) 
and at (0.16) Mole.L-1 did not record any growth of bacteria, and salt (Na2 So4) did not record 
any growth at (0.20) ds.m-1, recorded salt (MgSo4 ) at (0.04) Mole.L
-1 higher values for the 
numbers of bacteria.  
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INTRODUCTION 
 
       Azospirillum bacteria are species of free- living bacterial N2 fixing atmospheric, 
namely the plant growth – promoting rhizobacteria (PGPR). As the better of mechanisms of 
interaction between plant and microorganisms under conditions of arid and semi-arid. As is 
the inoculation Azospirillum bacteria affect plant nutrition with nitrogen through two 
mechanisms are nitrogen fixation and increased absorption of atmospheric nitrogen by plant 
,it is also contributes to the secretion of some hormones, enzymes, vitamins and  growth 
regulators which reflects positively on the growth and productivity of plant (Sawicka and 
Swedrzynska, 2000 ). 
      Environmental stresses are among the most limiting factors to plant productivity, 
Among these, salinity is one of the most detrimental (Boyer,1982). 
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Salinization potentially limits the future of agriculture in the most productivity areas of 
the world (Ashraf ,1994) .As the Salinity of the harmful environmental factors that may affect 
the growth and activity of bacteria Azospirillum brasilense as the Soumitra paul chowdhury et 
al, (2007) that the  addition of NaCl caused to a reduction in the growth of bacteria 
Azospirillum brasilense. It was therefore considerd of interest to study the effect of saline 
stress on Azospirilum brasilense most bacteria have developed flexible modes of adaptation 
and osmoadaptation strategies include the accumulation of organic osmolytes, which can 
become the crucial factor for the stability of enzymes and other cellular components 
(Galinski,1993). Bacteria adapt to the fluctuations in soil salinity and osmolarity by either 
modulating the composition of the cell envelope (Lopez et al, 2000) or accumulating 
osmolytes such as potassium ions, glycine betaine, proline, proline betaine ,trehalose, 
ectoines. These compatible solutes confer protection agains the deleterious effects of low 
water activity, mainitain the appropriate cell volume and protect intracellular macromolecules 
(Csonka and Epstein,1996).Under osmotic stress, the accumulation of these osmoprotectants 
is achieved by either endogenous de novo synthesis or uptake mediated by specific 
transporters (Kempf and Bremer,1998). The adaptation of diazotrophs to osmotic stress is of 
great significance, because soil salinity inhibits many of the vital bacterial plant growth- 
promoting activities, such as nitrogen fixation and phytohormone production (Miller and 
Woods,1996 ). Hamdia et al,(2004) observed decrease in Na+ content in under salinity due to 
inoculation with Azospirillum brasilense, this may be due to the reason that PGPR alleviate 
the salinity stress due to their Acc deaminase ( aminocyclopropane -1-carboxylate ) activity 
and this may also be due to the expolysaccharides ( Eps) activity of bacteria. The  PGPR 
strains can also produce exopolysaccharides ( Eps ) to bind cations including sodium (Geddie 
and Sutherland, 1993). Studied the effect of salt on the production of Exopolysaccharides by 
seven strains of bacteria Azospirillum brasilense, found that the presence of salt production 
increased (Eps) by all strains of bacteria. many Azospirillum strains produce several plant 
hormones, e.g, Indole acetic acid (IAA), isobutyric acid (IBA) and cytokinins in liquid culture 
(Omay et al,1993). Phytormones such as IAA, gibberllic acid (GA3) and kinetin are known to 
be involvred in the regulation of plant response to salinity stress (Walker and Dumbroff, 
1981). Therefore, the aims of his paper was to study the effect of different concentration of 
many types of salts and soil salinity in the preparation different bacteria cells A. brasilense.  
 
MATERIALS AND METHODS 
 
  Two laboratory experiments carried by using (RCD) design in the Department of 
Horticulture-College of Agriculture-University of Diyala to study the effect of salinity in the 
growth of bacteria in  A.brasilense industrial solid media.  
 The first experiment: 
   Factorial experiment was conducted by media industry to study the effect of salted 
soils with different levels of salinity in the numbers of bacteria (A.brasilense) and the 
incubation period of different , As has been salting sandy loam soil using water with salinity 
levels (1.8, 4, 6, 8 and 10) ds.m-1, and then re-wash the soil at these levels of salt water several 
times to connect to these soil salinity levels, taking (10) g of each sample and placed in flasks 
capacity (250) ml, then sterilized in flasks autoclave on the degree of (121 C0)  and a pressure 
(1.05) kg. cm-2 for (20) minutes. Drove out the flasks after sterilization  and cooled and added 
to (1) ml of the inoculation bacterial the liquid from bacteria (A.brasilense) and the density of 
the inoculation(7.8 × 105) unit formation colony. Ml-1 , incubated flasks degree (30C0) and 
four incubation periods (4.8, 12 and 16 ) days and three replicates, and was maintained on the 
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soil moisture up to (1/3) bar (field capacity) By adding sterilized distilled water and all the 
treatments, taken after the end of each period (1 g) soil was the work of a series of dilution for 
the purpose of estimating bacterial numbers (A.brasilense) way of counting plate 
(Black,1965). 
The second experiment 
           Factorial experiment was conducted to study the effect of six different concentrations 
of salt for five salts in the growth of bacteria (A.brasilense), as was the use of salts (NaCl, 
Na2So4 , MgCl2 .6H2o , MgSo4 .7H2o  and CaCl2 .2H2o ) and salt concentrations (0, 0.04, 0.08, 
0.12, 0.16 and  0.20) mole.L-1. Carried out the experiment status (50) ml of the medium semi-
solid-free nitrogen (NFB) containing the concentrations of different salts used in the flasks the 
size of (300) ml, sterilized flasks by autoclave at a temperature (121C0) and pressure (1.05) 
kg.cm-2 for (20) minutes, then cooled and inoculated by adding liquid environment (1) ml of 
liquid inoculation for the bacteria (A.brasilense), and the flasks placed in the incubator at a 
temperature (30C0) and three replications, after three days of taking (1) ml of each duplicate 
was calculated numbers of cells in a way dilution and counting plate.  (Black ,1965) 
 The preparation of liquid inoculation 
  Bacterial inoculation was prepared from the liquid bacteria (A.brasilense) by taking 
part of the colonies of bacteria was obtained from the Department of Soil and Water - College 
of Agriculture - University of Baghdad, the medium of developing food solid  slant using 
needle inoculation (Loop) inoculated by the medium-food liquid sterilized in the flask 
capacity (500) ml, and then put in the incubator at a temperature (30C0) and after three days of 
out the flasks and then taking (1)ml for the purpose of inoculation flasks glass on medium-
liquid food. 
 
RESULTS AND DISCUSSION 
 
    Results indicate in Table (1) to effect of salinity in the numbers  of bacterial cells 
(A.brasilense ), as it caused in increased levels of salinity to reduce significantly the numbers 
of bacteria cells in the soil irrespective of incubation period, as it reached numbers (4.32, 3.99, 
3.42, 3.12 and  2.90) ×105 cfu.g-1  dry soil at salt levels (1.8, 4, 6, 8 and 10) ds.m-1, 
respectively. There were no significant differences between the levels (8 , 10) ds.m-1 in the 
numbers of bacterial cells .That a decreasing number of bacteria cells to increasing levels of 
salinity because of the pressure osmotic obtained out of the cells and killed cells, As well as 
toxic effects of ions, particularly an ionic sodium and chloride, the increased level of NaCl to 
reduce the growth of A.brasilense (Viviana Rivarola et al ,1998 , Soumitra Paul Chowdhury 
et al ,2007) . Explained  Suhal et al ,(2011) that increasing levels of salinity (0 to 6) ds.m-1 
caused to a decreasing number of bacteria the plant growth promoting rhizobacterium 
Azotobacter chroococcum. 
Tab. 1 
Effect salinity levels on the numbers cells of A.brasilense bacteria. 
 
     Salinity level                                              numbers of cells                               
       ( ds.m-1)                                                       (cfu  × 105 ) 
        1.8                                                                    4.32 a 
        4                                                                       3.99 b 
        6                                                                       3.42 c 
        8                                                                       3.12 d 
        10                                                                     2.90 d 
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       different letters within each column are significantly different (p=0.05) by Duncan ,s test. 
Affected the period incubation affected significantly in the numbers of cells of bacteria 
irrespective of the levels of salinity. Recorded as period incubation (4) days reached values 
(3.77 × 105 )cfu.g-1 dry soil, then  decreased significantly when the incubation period (8 ,12) 
days , as it were (2.57, 3.33) × 105cfu.g-1 dry soil, respectively. and the numbers increased 
significantly when the incubation period (16) days, as was (4.40 × 105 ) cfu.g-1  dry soil. 
Therefore, we find that the period of incubation (16) days gave the highest numbers and the 
period of incubation (8) days recorded lower numbers. (Table 2), This may be attributed to the 
ability of bacteria the division and reproduction period incubation constantly. 
Tab. 2 
Effect periods of the incubation of the soil on the numbers cells of  A.brasilense bacteria 
 
     Period incubation                                       numbers of cells                                                         
          ( days )                                                       (cfu  × 105 ) 
            4                                                                   3.77 b 
            8                                                                   2.57 d 
            12                                                                 3.35 c 
            16                                                                 4.40 a                                                             
       different letters within each column are significantly different (p=0.05) by Duncan ,s test. 
 
  Note from Table (3) that the significant effect of interaction in the numbers  of 
bacteria, as it gave a level (1.8) ds.m-1 and the period of incubation (16) days the highest 
values, as was (5.41 × 105 ) cuf .g-1 dry soil, The lowest number of bacteria was at the level 
(10) ds.m-1 and the period of incubation (8) days, as was (2.13 × 105 )cfu.g-1 dry soil, there 
was a significant difference between the level of salt (1.8 and 4) ds.m-1  and (4 and 6) ds.m-1  
when the period of incubation (4) days, either  when the period of incubation (16) days there 
was no significant difference between the levels (1.8 and 4)ds.m-1, while there were 
significant differences between the level (4 and 6) ds.m-1 did not there were significant 
differences between the levels (6.8 and 10) ds.m-1 when the period of incubation (16) days . 
Growth of A.brasilense in the presence of different NaCl concentration showed that it 
tolerates up to 200 mM NaCl in the medium. Without appreciable decline in growth rate . At 
300 mM NaCl , adecrease of 66% in growth was observed at 24 h of culture , At48 h of 
culture, bacteria in the presence of 300 mM NaCl reached the maximum optical density value 
that was attained at 12 h by control cultures ( Viviana Rivarola et al ,1998 ).  
Table 3 
Effect salinity levels and periods of incubation on the numbers cells of 
A.brasilense bacteria . 
                                            numbers of cells (cfu  × 105 )___________ 
Salinity level                           Period incubation  ( days )                                                  ( 
ds.m-1 )                      4                  8                12                 16                   
  1.8                           5.03 a          3.04 f         3.80 de         5.41 a                
  4                              4.51 bc        2.85 gh      3.65 de         4.94 ab 
  6                              3.75 de        2.51 h        3.32 ef          4.08 cd 
  8                              3.27 ef         3.22 ef       3.04 fg          3.84 df 
  10                            2.80 gh        2.13 i         2.94 fg          3.75 df                                                                               
 different letters within each column are significantly different (p=0.05) by Duncan ,s test. 
 
      Observed from Table (4) The numbers of cells, bacteria (A.brasilense) developing in the 
medium food solid has been affected significantly different on the type of salt  irrespective of 
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concentrations saline, as was the salt  NaCl of the most salt influence in a decreasing number 
of cells bacteria, followed by salt Na2So4  which is no different significantly for salt  MgSo4 
and CaCl2, while less influential salt was salt MgCl2  which is no different significantly from 
salt MgSo4 and CaCl2, The salts can be arranged according to the degree of influence in the 
inhibition of bacterial growth as follows: 
  NaCl > Na2So4 > MgSo4 > CaCl2 > MgCl2       
Notes that the sodium ions were more inhibition from ions of calcium and magnesium, as the 
sodium ions to be more inhibition for the growth of bacteria  Rhizobium from ions of calcium 
and magnesium (Hasan,2004), pointed Suhal et al, (2011) that sodium ions were more 
inhibiting to the growth of bacteria PGRP  Azotobacter chroococcum  from ions of calcium. 
Tab. 4  
Effect the type of salt on the numbers cells of A.brasilense bacteria 
 
    Type of salt                                           numbers of cells  
                                                                    (cfu  × 105 )                                                
        NaCl                                                          2.55  c 
        Na2So4                                                       3.03  b 
        MgCl2                                                        3.51  a 
        MgSo4                                                       3.33  ab 
        CaCl2                                                         3.42  ab 
different letters within each column are significantly different (p=0.05) by Duncan ,s test. 
 
Be seen from Table(5) that the increase in salt concentration caused to a reduction in 
bacteria in significant numbers, as it was numbers cells (7.02, 4.1, 3.23, 2.33 , 1.45, 0.91) × 
105 cfu.ml-1 at the  concentrations ( 0, 0.04 , 0.08 , 0.12 , 0.16 and 0.20) mole.l-1  respectively. 
Record the highest values of zero concentration, as was (7.02×  105) cfu.ml-1 and decreased 
numbers significantly increase concentrations, recorded less values when concentration (0.20) 
mole.l-1 as was (0.91×105) cfu .ml-1.That a decreasing number of cells increased salt 
concentrations may be attributable to toxic ions. The salts raise the pressure osmotic which 
affects the physiology of the cell and pathways metabolic in which (Prior et al ,1987) while 
pointed out Viviana Rivarola et al, (1998) that low bacterial growth (A.brasilense) when 
adding (NaCl) was because of the pressure osmotic and not the result of specific ions present 
in high concentration.  
Tab. 5 
Effect salt concentration on the numbers cells of A.brasilense bacteria 
    Salt concentrations                            numbers of cells  
       ( mole.L-1 )                                           (cfu  × 105 )                                                
           0                                                                7.02  a 
           0.04                                                           4.1     b 
           0.08                                                           3.23   c 
           0.12                                                           2.33   d 
           0.16                                                           1.45   e 
           0.20                                                           0.91   f 
       different letters within each column are significantly different (p=0.05) by Duncan ,s test. 
        
The results showed in Table (6) that the interaction between salt and concentrations 
effect significantly in the numbers of bacteria and the salt ( NaCl) more effective, as it 
decreased numbers increase concentrations and had the lowest numbers at the concentrations 
of (0.12) mole.l-1 ,as it was (2.15  105) cfu.ml-1 and the differential is not significant for (0 
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0.04 and 0.08) mole.l-1, did not record any growth of bacteria at the concentration ( 0.16 and 
0.20 ) mole.l-1. That the higher concentration of ( NaCl) inhibits the growth of total bacteria 
(Viviana Rivarola et al, 1998).Increasing concentrations of salt (Na2So4) caused to a reduction 
in numbers significant decrease compared to the concentration (0), recorded the lowest 
numbers at the concentration (0.16)  mole.l-1 , as it was (1.05 ×105 ) cfu.ml1-  did not register 
any growth at the concentration (0.20) mole.l-1 , There are no significant differences between 
the concentrations (0.04 and 0.08) mole.l-1 and between ((0.12 and 0.16) mole.l-1. Increasing 
salts concentrations (MgCl2 , MgSo4 and CaCl2) caused to a reduction in numbers significant 
decrease compared to the concentration (0). Recorded lower numbers when the concentration 
is (0.20) mole.l-1, as it was (1.85 , 1.45 and 1.25 ) × 105 cfu.ml-1 respectively . From these 
results we deduce the growth of bacteria decrease (A.brasilense ) increased salt levels in soil 
and increase concentrations of salts  sodium chloride,  calcium and  magnesium, sodium and 
magnesium sulfate compared with no addition of these salts. The minimum inhibitory 
concentration of salt ( NaCl)  is the concentration (0.16) mole.l-1 and salt ( Na2So4 ) is the 
concentration ( 0.20 ) mole.l-1. 
Tab. 6  
Effect type and concentration of salt on the numbers cells of 
A.brasilense bacteria. 
 
                                               numbers of cells (cfu  × 105 )    
                          __________________________________________________                                                                              
Type of salt                        Salt concentrations  ( mole.L-1 ) 
                         0            0.04           0.08           0.12             0.16               0.20                                                                               
  NaCl            7.85 a     3.1 efg        2.25 gh       2.15 fgh      0     k             0      k               
  Na2So4         7.0 ab     4.6 cd         4.25 cd        1.3   ij         1.05 j             0     k 
  MgCl2         7.65 a      4.1 cd         2.65 fgh      2.6 fgh        2.2 ghi           1.85 hij 
  MgSo4         6.1  b       4.7 c           3.04 def      2.7 fgh       1.65 hij           1.45 hij 
  CaCl2          6.05 b      3.9 cde       3.06 def       2.9 fg         2.35 gh           1.25 ij  
Different letters within each column are significantly different ( p=0.05) by Duncan ,s test. 
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